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Introduction 


The present work, of which this paper constitutes the first part, covers a 
general study of the dependence of strain on the electrical resistance of alloys 
whose main constituent is copper, silver or gold with the addition of other 
elements. The practical aim is to develop alloys suitable for wire strain gauges. 
For this reason temperature-coefficients of resistance and thermoelectric power 
against copper have been determined for some of the alloys in the range 0°— 
100° C. These will be reported in a later paper. 

At the end of the paper a fairly complete list of literature is given of papers 
covering the resistance-strain effect, practical and theoretical works on wire 
resistance gauges, and papers which have been cited in the text. 


1. Preparation of samples 


The alloys were prepared by melting together the carefully weighed com- 
ponents in evacuated silica tubes. After rolling and homogenizing, the rods 
were drawn through cemented carbide dies to wires about 0.2 mm in diameter. 
The measurements were normally made on the wires in the hard-drawn state 
but in some cases also after annealing at 100° or 200° C. 


2. Apparatus for the measurement of resistance and strain 


A Wheatstone bridge was used for the resistance measurements. In Fig. 1 
R, is the sample wire and R, a wire of the same alloy and dimensions but 
unstrained. A third wire of copper could be switched in to serve as a resistance 
thermometer. The other resistances in the bridge were of manganin. In order 
to keep the temperature constant the wires were contained in a copper tube 
wrapped round with glass wool. Temperature measurements were made at 
intervals, but it was found that the balanced bridge enabled the influence of 
temperature variations to be kept within the experimental error. The switch 
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Fig. 1. 


operating the main current and the galvanometer was of the usual construction 
allowing the galvanometer circuit to be closed somewhat later than the bridge 
circuit. The current was maintained at about 6 mA. Errors due to thermo- 
e.m.fs. were eliminated by reversing the bridge current. 

The resistance R was chosen so that resistance 7 (about 1000 ohms, variable 
in four decades) could be fully utilized. Using the symbols of Fig. 1, when no 
current flows through the galvanometer, then 


107 
Re sisi 10+ fr (1) 
ips 100 
or, by putting 
(1 a) 
b 
ta. 


The absolute resistance of R, was obtained by exchanging R, for a standard 
resistance and measuring R, unstrained. 

In order to measure the strain simultaneously with the resistance, the ap- 
paratus shown in Fig. 2 was devised. A is a stationary tube of insulating 
material (ebonite) in which a copper rod A, can be fastened. The sample and 
comparison wires were soldered at one end to A4,. The other end of the sample 
wire was soldered to a similar copper rod in an ebonite tube B, freely 
suspended by two spun silk threads. The threads passed round two grooves 
and their upper ends were fastened to four screws S which enabled the movable 
rod to be positioned vertically. The comparison wire was soldered to another 
copper rod in a stationary tube C. The sample wire was stressed by weights 
placed on a balance pan attached to B by means of a silk thread carried on 
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a ball-bearing roller K (SKF 291817). The pan weighed about 60 grams. The 
change in length caused by a change in load was determined with two micro- 
scopes M, and M, fitted with eye-piece micrometers, which were mounted near 
the ends of the sample wire and sighted on it through holes in the insulating 
copper tube. An index was obtained on the wire by painting a water-colour 
mark with a fine brush. Each scale degree on the eye-piece micrometers cor- 
responded to 7.8 X 10-* mm. 

Finally the apparatus shown in Fig. 3 was constructed to permit accurate 
determination of the Young’s modulus of the alloys. Here the wires were loaded 
vertically since there is liable to be less error in the stressing force than in the 
horizontal arrangement; and because the microscopic determination of the strain 
can be made more accurately, since the position of the wire is less variable 
and can be seen distinctly in the microscope. The stress-strain measurements 
were made in this apparatus, while resistance-stress measurements and sometimes 
also the resistance-strain measurements were made in the horizontal apparatus 
(Fig. 2). 


3. Results 


Measurements have been made on the copper alloys Cu-Si, Cu-Ni, and the tech- 
nical alloy manganin; on the silver alloys Ag-Sn; and on the pure metals copper 
and silver. In all cases the resistance was found to be a linear function of 
the stress within the experimental error (Fig. 4a and 4b). Table 1 shows 
for all tested samples the resistivity at 20° C (09), the resistance-stress coef- 
ficient (« — 2. sc] and the corresponding resistivity-stress coefficient («= t 2) > 

Rdo odo 
Young’s modulus #, and the dimensionless strain-gauge factor g. The latter 
is defined by : 
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Fig. 3 
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AR : ‘ : . : 
where —. is the relative change in resistance corresponding to the strain rt? 


R 
It can easily be seen that 


g= ak. 


The table shows that the strain-gauge factor g decreases continuously with the 
concentration c of additional element in all the alloy systems studied. Young’s 
modulus # appears usually to decrease with increasing ¢ in alloys with b- 
elements (Si and Sn) and to increase with ¢ in alloys with Ni. However, the 
variation of H# with concentration shows some irregularities which appear to 
be larger than the experimental errors and which are probably due to a cer- 
tain preferred crystal orientation in the cold-drawn wires (texture). These 
irregularities can be caused by the degree of orientation varying from sample 
to sample. The corresponding irregularities can be seen in the values of the 
resistance-strain coefficient, a (Table 1). 
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Fig. 4b. 


Table 1 


(The figures before the chemical symbols indicate the concentration ¢ of the sol- 
utes in atomic percentage. The specimens are all cold-worked.) 


6 
Specimen eee a X 10° HX 10-6 g ap X 10° 
=P (20° C) kg—1 em? kg em—2 g ohm cm*® kg~1 
Cu alloys 

A FUTONS sb see ares EZ 2.21 1.25 2.76 0.85 

URSA Te Pen ee ae ie 4.2 1.79 1.35 2.42 0.53 

ae 5 a eee 8.9 1.75 1.24 2.18 0.38 

TERED s.3 sleet oN als 11.3 1.85 1.13 2.09 0.34 

SCANT mircisist ee eo 2 18.9 1.57 1.32 2.08 0.31 

AN ONES ive cs ceiye tao. e 51.0 1.27 1.62 2.06 0.25 

47.0 » (advance). 55.4 1.26 1.63 2.05 0.24 

Moanrgamin 0.7... 3. 43.0 0.41 1.25 0.51 = 0.82 
Ag alloys 

AZ UTS: astasteiayese 1.6 4.8 0.70 3.36 2.3 

QAO Seccgian ss ss 11.0 3.45 0.70 2.42 0.9 

As SOMES MT conevorsile tt oy 20.5 3.41 0.67 2.29 0.8 

AU OY Ee ones 29.0 3.62 0.62 2.24 0.8 


The tabulated values of the resistivity-strain coefficient, a, have been com- 
puted from a, #, and w by the easily deduced equation 


La 2 
i 


Ap =a — 
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where mw is Poisson’s number, expressing the ratio between transverse con- 
traction and strain in one-dimensional elastic deformation. For those alloys 
where Poisson’s number was not known, the value for the corresponding pure 
metal (Cu or Ag) was used. In low-concentration alloys the error due to this 
approximation is probably negligible. 
: d ge : 
Finally = has been calculated by multiplying a, by the corresponding @ 
o 

(at zero strain). In the alloy series studied, this quantity varies linearly with 
the concentration c or resistivity 0, as can be seen in Fig. 5, where i is 
plotted as a function of c. The regularity is analogous to that found in the 
dependence of pressure on the resistivity of alloys (34). 


Added in proof. In Fig. 5 the ordinate values must be corrected as regards 
Cu-Si. For correction the figure 10 on the axis is to be changed to 6 for 
these alloys. 


SUMMARY 


The dependence of strain on resistance has been determined for some copper 
and silver alloys, and in connection with these measurements the alloys’ Young’s 
modulus has been measured. The resistance-strain coefficient decreases normally 


with increasing concentration in dilute alloys. It is found that Ke varies ap- 


do 
proximately linearly with the alloys’ concentration. Young’s modulus increases 
with Ni concentration in the copper-nickel alloys but decreases with concentra- 
tion in the other alloy systems (Cu-Si and Ag-Sn). 
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